Background: Young adults with congenital heart disease (CHD) are at risk for chronic illness uncertainty in 4 domains: ambiguity about the state of their illness; lack of information about the disease, its treatment, and comorbidities; complexity of the healthcare system and relationship with healthcare providers; and unpredictability of the illness course and outcome. Chronic uncertainty has been associated with posttraumatic stress symptoms (PTSS) and posttraumatic stress disorder (PTSD). Objective: The aims of this study were to explore how young adults with CHD experience uncertainty and to describe the relationship between PTSS and the appraisal and management process. Methods: An exploratory, mixed methods design was used. Data were collected in person and via Skype from 25 participants (19Y35 years old), who were diagnosed with CHD during childhood and able to read and write English. In-depth interviews and the University of California at Los Angeles Posttraumatic Stress Disorder Reaction Index were used to collect data. Qualitative data were analyzed using the constant comparative method. Results: The 4 domains of uncertainty were evident in the narratives. The PTSD mean (SD) score was 31.3 (7.7). Six participants met criteria for PTSD. Narrative analysis revealed a relationship between severity of PTSS and the appraisal and management of uncertainty. Participants with PTSD used management strategies that included avoidance, reexperiencing, and hyperarousal. Conclusions: Young adults with CHD may be at risk for the development of long-term psychological stress and PTSD in the setting of chronic uncertainty. Regular monitoring to identify PTSS/PTSD may be a means to promote treatment adherence and participation in healthcare.
1
Despite advances in the diagnosis and management of CHD, most congenital defects require lifelong cardiac care. 1 The long-term nature of CHD and the unpredictability of its course and outcome may result in high levels of uncertainty. 5 Uncertainty has been defined as the inability of a person to determine the meaning of illness-related events. 5, 6 According to Mishel's 5, 6 Uncertainty in Illness Theory (1981/1988) , the four theoretically derived and empirically supported dimensions of uncertainty for adults have been shown to be ambiguity about the state of the illness; lack of information about the disease, its treatment, and comorbidities; complexity of the healthcare system and relationship with healthcare providers; and unpredictability of the illness course and outcome. Previous research has found increased uncertainty to be associated with higher levels of psychological stress, 7 increased anxiety, 8 reduced quality of life, 9 decreased effective coping, 10 and lower perceived control. 11 Among young adults with chronic childhood health conditions, lack of experience independently managing their healthcare, 12 difficulty negotiating complex systems of care and communicating with providers, 13Y15 lack of understanding of their disease, 16 and general developmental issues regarding autonomy and independence 17 can generate chronic uncertainty.
The perception and appraisal of uncertainty as described by Mishel 5, 6 requires adultlike cognitions of illness and the future. Thus, individuals with chronic childhood conditions can first come to perceive uncertainty during adolescence to young adulthood. 17 Adults tend to appraise uncertainty as dangerous and manage it by taking actions to eliminate its sources. 5, 6 According to Mishel's 18 (1990) Reconceptualization of the Uncertainty in Illness Theory, continual uncertainty, especially in the domain of unpredictability of the future, can be impossible or undesirable to eliminate. By accepting continual uncertainty, individuals are able to move toward a new view of life, which includes the reordering of priorities and seeing multiple possibilities for their life. 18 Therefore, the reappraisal of uncertainty from a danger to an opportunity may lead to positive psychological changes and personal growth. 18 Common strategies for managing uncertainty appraised as a danger include vigilance to symptoms and bodily changes, controlling cognitive awareness of upsetting information, and avoiding reminders that provoke intense somatic and emotional responses; these strategies resemble the characteristic symptoms (reexperiencing, avoidance, and arousal) seen in posttraumatic stress disorder (PTSD). 18, 19 In the absence of full-blown PTSD, moderate to severe levels of posttraumatic stress symptoms (PTSS) in one or more of the characteristic symptom clusters may interfere with day-to-day functioning. 19 Guidelines for the management of young adults with CHD recommend regular monitoring for comorbid conditions. 20 However, avoidance of healthcare due to PTSS can interfere with participation in ongoing monitoring. The purpose of this study was to explore how young adults with CHD appraise and experience uncertainty in the 4 domains described by Mishel 5, 6 and to describe the relationship between PTSS and the appraisal and management process.
Methods

Design, Setting, and Sample
We used an exploratory-descriptive design and mixed methods approach to conduct this study. Data were collected in person and via Skype. A sample of 25 participants was purposively chosen using postings in public places, a study recruitment website, Twitter, and Facebook. The study protocol was also posted on the Congenital Heart Information Network, which included Facebook/Twitter and online discussion groups. Eligibility criteria included diagnosed with CHD during childhood, currently aged between 19 and 35 years, and able to read and write English. Participants were excluded from the study if they had severe cognitive impairments. Of the 25 participants, 11 were interviewed face-to-face and 14 were interviewed via Skype.
Ethical Considerations
Before data collection, the study was approved by the institutional review board at the University of North Carolina at Chapel Hill. Written informed consent was obtained from participants who were interviewed in person. For participants interviewed via Skype, a copy of the informed consent and information about the study were sent via e-mail. Verbal informed consent was obtained from the participants when they were called for their interview.
Data Collection Measures
Data were collected at 1 time point using in-depth semistructured interviews and standardized questionnaires. Interviews lasted 45 to 60 minutes and were audiorecorded. The participant was asked to tell his/her story (eg, ''Tell me about how your heart condition is affecting your life now''). The collection and analysis of interview data were informed by the Uncertainty in Illness Theory and a review of related literature. 7,8,21Y23 The interview guide evolved as the study progressed and new questions arose. At the completion of the interview, participants were given a $25 gift card.
Measures
Sociodemographic and clinical data were collected from participants through self-report using an 11-item form. Complexity of cardiac defect was classified according to the criteria of the American College of Cardiology. 24 The measure of PTSS was the 20-item University of California at Los Angeles Posttraumatic Stress Disorder Reaction Index (PTSD-RI). 25 The items on the PTSD-RI relate to the 3 subscales of the characteristic symptom clusters (eg, reexperiencing, avoidance, and arousal) seen in PTSD. The PTSD-RI has established reliability in studies of young adult survivors of childhood cancer (! = .84Y.88). 22 For this study, participants were asked to think about their CHD, its treatment, and potential comorbidities and indicate the frequency with which they experienced each symptom using a 5-point Likerttype scale. Posttraumatic Stress Disorder Reaction Index total scores were calculated by summing responses. Symptom severity levels were determined according to the following guidelines: RI total score of 12 to 24, mild; RI total score of 25 to 37, moderate; and RI total score of 38 or greater, severe. Reaction Index total scores of 38 or greater are considered indicative of PTSD. 25 
Data Management
After each interview, the digital recording was transcribed verbatim and checked for accuracy. Questionnaire data were checked for completeness and entered into Excel computer files. To protect participants' confidentiality, a 3-digit study identification number, rather than names, was used to identify study materials.
The total PTSD-RI scores were calculated immediately after completion of the questionnaire. If a participant scored 38 or greater, the first author notified the second author to discuss the participant's safety. If the participant was deemed to be safe, he/she was encouraged to discuss the score with a primary care and/or mental health professional. If considered to be a safety risk, the participant was escorted to the emergency department.
Data Analysis
Quantitative data were analyzed using descriptive statistics to calculate sample demographics, clinical variables, PTSD-RI scores, and PTSD-RI symptom levels. Qualitative data were analyzed using the constant comparative method of Glaser and Strauss. 26 Interview transcripts were examined line by line for evidence of the domains of uncertainty, appraisal of uncertainty, and common uncertainty management strategies. To examine relationships between themes in the qualitative interviews and PTSD-RI severity levels, each theme was quantitized and an interrespondent matrix (participant Â theme) was developed. Each textual passage labeled as a dimension of uncertainty (ambiguity, lack of information, complexity, and unpredictability) was further reviewed to identify the co-occurring subscales of PTSD (eg, 0, response to theme did not represent at least one of the subscales [reexperiencing, avoidance, and arousal]; 1, response to theme represented at least one of the PTSD subscales; 3, theme was not represented in the participant interview). The final step of the analysis involved grouping the sample according to PTSS severity levels (mild, moderate, and severe) and then exploring the common themes of the appraisal and management of uncertainty in each respective group. Table 1 presents demographic and illness characteristics of the sample. The mean age of participants was 25 years (range, 19Y34 years), and 84% were white. All participants had a high school education, and 96% had medical insurance. Most (60%) were taking cardiac medications, reported moderate and complex cardiac defects (96%), and had undergone 2 or more cardiac surgeries since birth (72%). Table 2 provides descriptive statistics for the PTSD-RI total scores and severity levels. The mean (SD) PTSD-RI total score was 31.3 (7.7; range, 19Y47). Six participants (24%) had a total score that exceeded the cutoff point of 38, indicative of clinically significant PTSD. 25 
Results
Demographics of the Study Sample
Uncertainty Domains
Ambiguity Participants described ambiguous, inconsistent symptoms such as dizziness, nausea, and fatigue. Their inability to discern the meaning of these symptoms in relationship to their CHD was a source of uncertainty. Participants found it difficult to distinguish between ''different'' and ''wrong'' and often perceived the need to remain vigilant for negative outcomes. 
Lack of Information
Lack of information regarding their CHD and its treatment, potential comorbidities, and means of preventing comorbidities was a source of uncertainty for many participants. For some, the efficacy or longer-term complications of their current treatment were unknown. 
Complexity of the Healthcare System
Participants experienced uncertainty related to navigating the healthcare system, communicating with health care providers, and transitioning to adult cardiology care.
I feel like I don't know them (adult cardiologist) and they don't know me.
Unpredictability
Unpredictability regarding the trajectory of their illness and whether they would ultimately succumb to CHD was a concern expressed by all participants. For women, the most distressing and frequently mentioned uncertainties in the unpredictability domain, related to pregnancy, included whether their condition would worsen during pregnancy, whether their offspring would have CHD, and whether they would survive to raise their child. One young woman expressed the following concern:
If I have children, will they be born with a heart defect and will I live long enough and be healthy enough to see my child grow?
A visual representation of the tenuous nature of his condition was expressed by 1 participant: I feel like my life is hanging by a Gossamer thread.
The sense of a foreshortened future was described as:
I worry about dying. I didn't really worry about that before but I guess I feel like I had a face to face with death.
If I want to put it in a darker way, I feel uncertain about how long I will hold on, for how many more years.
Appraisal and Management of Uncertainty
Narrative analysis indicated a relationship between PTSS severity levels (mild, moderate, and severe) and the appraisal and management of uncertainty. Participants with mild PTSS scores appraised uncertainty as an opportunity that led to personal growth, a reevaluation of priorities, and the development of a deeper appreciation of life. Management of uncertainty included seeking social support, establishing a trusting relationship with an HCP, and believing in a higher power.
One participant described personal growth related to living with CHD:
I think it's made me a lot more sympathetic to people that have chronic conditions or illnesses.
Narratives of participants with moderate PTSS scores appraised uncertainty as both a danger and an opportunity. For these participants, uncertainty appraisals coexisted. Overall, participants tended to focus on the opportunity appraisal. Management of uncertainty included focusing on the positive aspects of the present rather than the uncertainty of the future.
A participant in need of a heart transplant expressed the positive aspect of his disease:
I would have a heart condition any day than to have a changed life and possibly not meet all the people that I care aboutI.
Narratives of participants with severe PTSS scores (indicative of PTSD) appraised uncertainty as a danger that generated distress and negative emotions. Reexperiencing symptoms were in the form of intrusive thoughts and recurring nightmares about disturbing aspects of their treatment. These intrusive thoughts often caused the young adults to feel they were reliving the traumatic event. Arousal was in the form of excessive attention to and over interpretation of physical symptoms, resulting in the young adults feeling constantly on guard to protect themselves from and/or avoid further danger. Avoidance/numbing symptoms were in the form of blunting of emotional responses, not thinking of or talking about their condition, not complying with medications and routine medical appointments, and disregarding symptoms of illness.
Feelings of vulnerability and avoidance were expressed:
What happens, happensII feel numb to itIapathy is better than caring.I I have done everything in my power to ignore my heart condition and to put it in my past.
Intrusive thoughts were described:
I dream about my stroke. It happens in the dream like it did in real life, except I die.
Feelings of arousal were expressed as:
I have to really be sharpIyou have to be a shark. Abbreviation: PTSD, posttraumatic stress disorder.
Discussion
Uncertainty was a central theme in the lives of young adults with CHD affecting their day-to-day decisions, as well as their thoughts and plans for the future. Awareness of the seriousness of their childhood condition and the lingering effects increased as their cognitive functions matured. 17 Narratives revealed illness uncertainty in the 4 domains as described by Mishel.
5,6
Ambiguity Uncertainty related to ambiguous, ever-changing illness symptoms caused participants to perceive their body and condition as unpredictable. The inability to interpret these symptoms made some participants believe that their life was in constant danger. Uncertainty related to ambiguous symptoms has been described in patients with systemic lupus, rheumatoid arthritis, heart failure, hepatitis C, and advanced liver disease. 27Y30 Bailey et al 29 (2009) found a strong relationship between the ambiguity component of the uncertainty scale and depressive symptoms, quality of life, and fatigue among patients with chronic hepatitis C. These findings support the need for cognitive and behavioral interventions to assist ill individuals to redefine the meaning of illnessrelated symptoms to manage uncertainty. 31 Lack of Knowledge Acquisition of knowledge was described as a source of empowerment and a means of coping with uncertainty. These findings are consistent with previous studies among young women with breast cancer who relied on medical information to define themselves as either healthy or ill. 32 Similarly, patients with advanced liver disease related a poor understanding of their illness to increased uncertainty, which impacted their ability to cope and plan for the future. 30 Providing developmentally appropriate education to young adults with CHD about the diagnosis, management, and promotion of self-care behaviors during adolescence may decrease uncertainty and related comorbidities.
Complexity of the Healthcare System
Transitioning to adult cardiology care was a source of uncertainty for many participants. Most young adults had attended the same pediatric cardiology clinic since childhood and felt unprepared to transition to the unfamiliar environment of adult care. Finding an adult cardiologist and developing a trusting relationship with their new provider were difficult for some young adults. Perceiving that the cardiologist was insensitive or lacked knowledge of their specific cardiac defect, and/or was unwilling to take the time to know them personally, created distrust and uncertainty. Studies among adolescents and young adults with cancer have reported similar issues with patient-provider trust. 33, 34 The inability to find an adult cardiologist resulted in some young adults not receiving appropriate follow-up care. Insufficiently coordinated cardiology care is associated with adverse health outcomes in patients with CHD. 35 Gurvitz et al 36 (2013) reported that 42% of 922 adults with CHD had a lapse of greater than 3 years in cardiology care, commonly beginning at 19 years old. Coordinated transition to adult cardiology care and improving young adultprovider communication is needed to engage and maintain young adults in ongoing cardiac care.
Unpredictability
Unpredictability of the future, related to their disease course and ultimate outcome, was a source of uncertainty for most participants. A significant theme to emerge within the unpredictability domain was uncertainty of female participants related to childbearing. This finding is consistent with studies among young women with cancer who describe a sense of loss related to pregnancy and their ability to conceive. 32,37Y39 Literature indicates that childbearing concerns are not consistently addressed among young adults with CHD.
37Y39
Ngu et al 40 (2014) found that women with CHD had a poor understanding of the seriousness of their cardiac condition and the risks that may occur during pregnancy. These findings underscore the importance of providing accurate and reliable information to support a woman's decision regarding childbirth in the context of CHD.
Appraisal and Management of Uncertainty
As defined in Mishel's 5, 6 Uncertainty in Illness Theory, uncertainty is a neutral cognitive state that can be appraised as either a danger or an opportunity. Most young adults in the current study believed that living with uncertainty caused them to reevaluate life priorities and develop a new life view. This finding is consistent with Mishel's 18 Reconceptualization of the Uncertainty in Illness Theory that proposes that the appraisal of uncertainty may change from being a threat to being an opportunity for personal growth. Parry 41 (2003) found that living with uncertainty was a catalyst for the development of resilience and optimism in adolescent and young adult survivors of childhood cancer.
Nevertheless, some participants appraised uncertainty as a danger and envisioned an unpredictable future, which created psychological distress and the development of symptoms that resembled PTSD. The relationship between PTSD and uncertainty has been described in previous studies. 7, 8 ,21Y23 Lee's 7 (2006) study among young adult survivors of cancer found uncertainty to be positively correlated with the PTSS of avoidance and arousal.
Practical Implications
This study highlights the importance of identifying PTSS/ PTSD in young adults with CHD and implementing developmentally appropriate interventions to reduce uncertainty and PTSS as a means to promote treatment adherence and regular participation in healthcare.
Limitations
The study results were limited to a small sample size that was predominately white. Results may be different for young adults of different ethnicities. Most young adults in the study were diagnosed with moderate to complex cardiac defects, which may affect their perception of uncertainty and development of PTSS.
Conclusion
Our findings suggest that young adults with CHD are at risk for the development of long-term psychological stress and PTSD in the setting of chronic uncertainty. Uncertainty management strategies, especially avoidance of reminders of CHD, can heighten the risk of CHDrelated comorbidities.
What's New and Important
h Young adults with CHD may be at a heightened risk for the development of long-term psychological stress and PTSD in the setting of chronic uncertainty. h Participants who met criteria for PTSD appraised uncertainty as a danger and used management strategies, which included avoidance, reexperiencing, and hyperarousal. h Regular assessment of YAs with CHD for psychological distress including characteristic PTSS/PTSD may be a way to maximize medical and psychosocial outcomes of CHD.
